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(54) Method and apparatus for injection moiding of semi-molien metals 



(57) The invention provides a meUiod tor injection 
molding a semi-motten melt of metal to a product, 
wherein a semi-molten melt of metal is injected into a 
cavity of ttie mold through a nozzle of injector to mold 
the product which is divided in a lower solid fraction por- 
tion to require strength and a higher solid fraction por- 
tion to require molding accuracy along flow of the melt 
Inside the cavity. In the method of the invention, a part of 

Fig. I A 



the melt to be earlier injected is detemilned to k)e at a 
lower temperature in the ir^ector than a part to be later 
injected among the melt parts composing said lower 
and higher solid portions in the cavity by injecting a 
batch of the melt and that the melt is injected into the 
cavity on the side on which said lower solid fraction por- 
tion for the strength of the product is formed. 
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Description 

Field of the Invention 

Th present Invention relates to a method for injec- 5 
tion molding eemi-molten melt of metal, to an apparatus 
for injection nrK)lding seml-motten melt of metal, and to 
products produced by the method. 

Background of the Invention 

There are known methods for fomiing products 
from semi-molten metal as methods of producing high 
quality products. The following methods for using the 
semi-molten melt are adopted: 

Semi-melting forging method is to forge material in 
the semi-melting state between forging mokis or dies to 
shape and cool a product. 

Semi-melting casting method is a method of casting 
by injecting a semi-molten metal from a sleeve of a high 
pressure casting machine. In the process the semi-mol- 
ten melt is prepared previously in some furnace from a 
billet as a material, carried to the sleeve, and Injected 
from the sleeve into the casting moM. 

Semi-melting injection molding method is known as 
a method of injecting into a mold a semi-motten metal 
which is prepared in the desirable semi-molten state 
inside a Injector and pressurized by the very injector to 
mold a product with desired shape in a cavity of the 
mold. In this method, the melt is prepared to be in a 
semi-melting state (i.e. in a state mixing of a liquid 
phase and a solid phase in a metal or alloy] inside the 
injector by heating and melting tiie powdered or pel- 
letized metal material in the temperature-controlling cyl- 
inder of the injector. The melt is pressurized by the 
screw toward a nozzle attached to an end of the cylinder 
and injected into a cavity insUe the moU in connectton 
to the nozzle. 

This semi-melting injecting molding method has 
been provided aluminum and magnesium metal/alloy 
products with high quality and less defect. 

In the prior art regarding the semi-melting casting, 
Japanese Patent Pibtication No 7 - 256427 A discloses 
a method of pouring the melt in the semi-molten metal 
in a sleeve which is provkied close to and passing 
through the cavity and injecting the melt pressurized by 
a plunger from the sleeve into the cavity. In the prior art 
the method can pressurize the melt in the cavity par- 
tially by the plunger to overflow into a basin past the 
cavity tiirough so narrow pass as to filtrate grains of the 
solid phase in the melt. Thus, the remaining melt in the 
cavity by filtration has partially higher solid fraction than 
one in another portion of the cavity. This process can 
control to differ the solkl fractions in some portions of 
the mokied product 

Some cast or molded products such as mechanical 
components are often required to be provided with dif- 
ferent properties in their deferent portions. Such proper- 



ties ar dimensional accuracy, mechanical property 
including tensile strength of the product, and the like. 

To meet the request there have been used the way 
of setting the solid fraction of each portion to desired dif- 
ferent value, the different solid fractions changing tiie 
metal micro-structure of each portion in the metal prod- 
uct after solklified. 

Solid fraction of melt has been found to have a rela- 
tion with shrinkage of cast during solidifying of the 
metal. Figure 5A shows that a magnesium alloy cast 
decreases in dimension change due to shrinkage as the 
solid fraction of the alloy melt increase and that high 
solid fraction is required in a potion in which high mold- 
ing dimensional accuracy is request for the product. In 
general, tiie semi-molten melt contains a solid phase as 
grains which are dispersed in tiie lK|uid metal. As the 
melt is poured into a moU. tiie Ik^uM part of the melt 
supplied is solidified in a cavity of the mold, and the 
solid fraction formed previously can reduce ttie shrink- 
age of the metal product because solid phase dose not 
almost reduce in volume during solidification. Thus the 
semi-melting ir^'ection method allows the product to 
obtain high dimensional accuracy. 

Solid fraction of the semi-molten melt also have a 
relation with ultimate tensile strengtii of the product. Fig- 
ure 5 B shows that a magnesium alloy product tends to 
decrease in as-cast tensile strength as the solid fraction 
in the alloy melt increase. It can be seen that a kiw solkJ 
fraction in the melt is needed to enhance the mechani- 
cal property in the strengthening portton of the cast 
product. 

Thus, in the methods employing ttie semi-moiten 
metal, the solU fraction should be set in each portk>n in 
a product should be controlled in a particular, different 
value according to the required property for each por- 
tion of the product. 

However, in the priori method mentioned above 
has a disadvantage as fblkiws; ttie mettiod of using ttie 
pressurizing the melt locally in the cavity can manage to 
vary the solid fractbns between ttie flow range of tiie 
pass to the partial pressurized portion and ottier portion 
in ttie cavity, but ttie locally pressurizing a melt outside 
tiie cavity is attended with difficulty of controlling the 
desired soiki fraction in a wkle range quantitatively in 
ttie desirable portion of the product, and also reduction 
in yield of production due to ttie plunger pushing out a 
part of ttie melt The mechanism is also much compli- 
cated by arrangement of the sleeve and ttie plunger 
movable in it near the cavity of tiie mold. 

Summery of the Invention 

An object of the present invention is to provide a 
mettiod for semi- melting injection molding to accurately 
control a solkJ fraction in each portion divded in the cav- 
ity of ttie moU, i.e. in each porlon of a solid product 
molded in the cavity, corresponding to ttie prop rties 
which are requested In the potions of the product. 
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Another object of the present invention is to provide 
an apparatus for semi- melting injection molding to be 
able to precisely control a solid fraction each porlon of 
the cavity i.e> in each porion of the solid product nrK)lded 
In the cavity, conr spending to the properties which are 5 
requested in the potions of the product. 

To attain the objects, the present invention deter- 
mines appropriate relation between a Injecting order of 
a melt with the different temperatures along the injecting 
flow and arrangement of portions divided in a cavity into 10 
which the melt is injected, according to property 
required in each portion of a product. 

To this end, the method of the invention is to pre- 
pare a batch of semi - molten melt to have different tem- 
peratures in an injector along the flow of the melt to be is 
injected by the injector into a cavity of a mold, using a 
relation between a temperature of the melt and a 
solid/liquid fraction in the melt in regard to an alloy to be 
used, the melt being controlled at different solid fraction 
required in each portion of the cavity. 20 

The method of semi-melting injection molding gen- 
erally comprises steps of preparing a batch of semi- 
molten melt of a metal in a cylinder of the injector 
heating the metal material to control the temperatures of 
the melt and injecting into a cavity In a mold the melt 2S 
which is pressurized by the injector to mold a metal 
product In the method of the present invention, in the 
melt-preparing step, above, the melt Is controlled at a 
different predetenmined ten^erature in each part by 
heating zones divided along the cylinder so as to set a $0 
desired solid fraction each part, and in the injecting step 
the parts of the melt are injected continuously and 
molded into portions divided in the cavity to obtain a 
main property in each portion of ttie product corre- 
sponding to a solid fraction of each part of ttie melt. 55 

To attain tiie other object, the apparatus of the 
invention comprises a heat-controlling cylinder to form 
the semi-molten melt at different temperatures (distribu- 
tion) along flow of ttie melt which should be Injected by 
a injector Into a mold, and to determine a different solid 40 
fraction of the metal to require in each portion of a cavity 
of the mold, using the relation between a temperature of 
the melt and a solid/liquid fraction in the melt. 

The apparatus of ttie invention comprises a heat- 
controlled cylinder for preparing the semi-molten melt of 45 
a metal in a cylinder of an injector by heating to control 
the temperatures of the melt; and a mold with a cavity 
into which the melt injected to mold a metal product, 
wherein ttie cylinder has heaters surrounding the out- 
side to form heating zones divided inside along the cyl- bo 
inder from a nozzle toward the rear end. ttie melt being 
controlled at a different predetermined temperature in 
each part of the melt by the heating zones to set a 
desired solid fraction each part, and ttie mold has por- 
tions in ttie cavity divided to obtain a main property in ss 
each portion of ttie product corresponding to each solid 
fraction of the part of the melt 

In the invention, as mentioned above, the solid frac- 



246 A1 4 

tion in each part divided in ttie melt is determined from 
a required property of each portion divided in the prod- 
uct. Each tenperature of tiie melt may easily deter- 
mined from th relation betw en a melt temperature of 
an ally to be ised and a solid fraction. A mass or volume 
of each part of the melt may be set in each heating zone 
arranged in the cylinder, naariy equally to a volume of 
each portion of the product in the cavity. In the injecting 
step each part of the melt reaches the corresponding 
portion in tiie cavity so that the product can obtain a 
main required property in each portion relative to each 
solid fraction of the part of ttie melt. 

The present invention includes products molded by 
a method of injection molding semi-mdten melt through 
a nozzle of an injector into a mold, wherein solid frac- 
tions in the product differ along flow of the melt to be 
injected. 

Particularly, in ttie product, a lower solid fraction 
portion Is a potion to require strengtii of the product 
compared with a higher solid fraction portion, and the 
higher solid fraction portion is a potion to require mold- 
ing accuracy of the product compared witti the lower 
solid fraction portion. 

Brief Description of tiie drawings 

The invention is explained, below, In detail wHh ref- 
erence to the drawings. In which; 

Rgure 1A shows a vertical cross-sectional view of 

an apparatus comprising a injector and a mold, 

using the method in the invention. 

Rgure 1 B shows a vertical cross-sectional view of a 

mold with a cavity divided in several portions witti 

volumes corresponding to heaters in shown Rgure 

1A. 

Rgure 2A shows a vertical aoss-sectional view of a 
orifice holder for application of ttie invention. 
Rgure 2B shows a aoss-sectional view of the 
mold, showing a relation of connecting a gate to a 
cavity, for molding the orifice holder as shown in 
Rgure 2A. 

Rgure 3A shows a microscopical photograph of 
metal structure containing about 2% of solid frac- 
tion in a magnesium alloy molded by the method of 
tiie invention. 

Rgure SB shows a photograph similar to Figure 3A, 
containing about 10% of solid fraction. 
Rgure 3C shows a cross-sectional view of a orifice 
holder from which tiie samples for ttie photographs 
shown in Rgures 3A and SB were takm. where the 
arrows in tiiis figure indicate the portions sampled. 
Rgure 4 shows a cross-sectional view of a valve 
tappet. 

Rgure 5A is a graph showing a relation between 
solid fraction and shrinkage of a diameter during 
molding in cGameter 6.5mm of a round bar molded 
of a magnesium alloy. 
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Figure 5B is a graph showing a relation between a 
solid fraction and ultimate tensile strength (UTS) of 
a magnesium alio/. 

Embodiment of the invention 

In the method of the invention, a batch of semi-mol- 
ten melt of metal is prepared in a injector and injected 
into a cavity of a moid by the injector to mold a product, 
and the cavity is designed previously to be divided in a 
lower solid fraction portion to require strength and a 
higher solid fraction portion to require molding accuracy 
along a flow of the melt inside the cavity. 

In the injector, parts of the melt to be injected are 
determined to be at different temperatures in the injec- 
tor to compose said lower and higher solid portions of 
the melt. The melt is injected into the cavity on any one 
of sides close to said lower and said higher solid fraction 
portions to fill the lower solid fraction porion of the cavity 
with the higher temperature part of the melt and to fill 
the higher solid fraction porion of the cavity with the 
lower temperature part of the melt 

Particularly, in this method for injection molding a 
semi-molten melt of metal, a part of the melt to be early 
injected may be determined to be at a lower tempera- 
ture in the injector than a part to be late Injected in the 
melt parts to compose said lower and higher solid por- 
tions respectively in the cavity by Injecting a batch of the 
melt, and that the mett is injected into the cavity on a 
side on which said tower solid fraction portion fbr the 
strength of the product is formed. 

On the other hand, a part of the melt to be early 
injected may be determined at a higher temperature in 
the injector than a part to be late injected in the melt 
parts . and the melt is injected into the cavity on a side 
on which said higher solid fraction portion fbr formation 
accuracy of the product is formed. 

The apparatus of the invention is an apparatus fbr 
injection molding a semi-molten melt of metal to a prod- 
uct, wherein a semi-molten melt of metal is injected into 
a cavity of the mold through a nozzle of a injector to 
mold the product, the cavity being divided in a lower 
solid fraction portion which is a portion to require 
strength and a higher solid fraction portion which is a 
portion to require molding accuracy along flow of the 
melt inside the cavity. The apparatus is characterized in 
that said nozzle is connected to the cavity on any one of 
sides on which the lower solid fraction and higher solid 
fraction portions are to be molded, and that mett parts to 
be early injected and to be late injected are determined 
to be at different tenperatures by heaters around the 
cylinder so that tiie higher temperature and lower tem- 
perature parts of the melt are filled with the lower and 
higher solid porions of the cavity respectively by inject- 
ing. 

In an embodiment of the invention, tiie apparatus 

for the semi-melting injection molding metiiod of the 
inv ntion, as shown in Figur 1 A . comprises a mold 2 
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to mold a semi-molten melt in a desirable shape, and an 
injector 1 fbr melting metal material to the semi-molten 
melt and injecting it into the mold 2. 

The injector is provided with a cylinder having a 

5 screw 5 fixed around a shaft rotataUe and movabrie lon- 
gitudinally insid the cylinder 1, a nozzle 6 which is 
attached to a front end of ttie cylinder to connect to a 
mold for injection and a plurality of heaters HO - H9 as a 
heating means are arranged around tiie cylinder. 

10 The screw has functions to carry the material in tiie 
suitable place inside the cylinder to heat it and pressu- 
rize tiie heated melt toward tiie nozzia Therefor a motor 
to rotate tiie screw and an actuator 7 to move it k^ack 
and forth are connected to the screw shaft at the oppo- 

15 site end of the cylinder. 

The plurality of heaters HO - H9 are divided longitu- 
dinally along the axis of the cylinder in order to oonta'd 
the heating of the melt which is divided into a plurality of 
heating zones along the cylirvler. The heaters may be 

20 controlled individually by power conti'ollers (not shown) 
to determine temperatures required in divided parts of 
the melt by the heating zones. 

At the rear end of the cylinder are provided a hop- 
per for feeding metal material into the rear end inside 

25 tiie cylinder tiirough a gas-repladng room filled witii 
nonoxidizing gas such as argon. The gas-repladng 
room allows the material charged into the cylinder to 
place in the nonoxidizing atnwsphere to prevent the 
material from oxidizing. 

30 The method of the inv&ttion may use aluntinum 
alloys and magnesium alloys as metal. In this exanple, 
The metal material takes shape of chipped pellets of a 
strontium-containing magnesium alloy (ASTM AZ91D 
alloy), which are chqsped from defomned blocks of the 

35 alloy having adequately prepared chemical composi- 
tion. 

On tiie ottier hand, tiie mold, above, comprises a 
fixed half-mold 2a attached to tiie a vertically stationary 
plate 10 and a movable half -mold 2b capable of facing in 

40 contact to or separating from tiie fixed half-mold. In tiie 
facing surfaces halves of a molding cavity 3 and a pas- 
sage 11 to 13 are sculptured and tiie two half-molds fit 
togeUier to a single mold to form a cavity inside tor 
shaping ttie melt to a product. As shown in detail in a 

45 enlarged view of Figure IB, the passage comprises 
gate 11. a runner 12, and a spool 13 formed inside 
which are a passage of the melt injected from the nozzle 
6 of the injector to the cavity 3. 

In tiie mold space comprising two concaves is pro- 

50 vided for capture of the first injected melt into the mold. 
Afirst concave 14, which is referred to as "plug catoher", 
is shaped in a way of the passage between tiie cavity 3 
and the nozzle 6. In this case, the plug catcher 14 is 
formed at tiie opposite end to the nozzle 6, and is 

55 opened at a low flowing level to tiie direction of tiie spool 
13 so as to trap the melt-frozen metal m1, termed plug, 
which have left in a opening of the nozzle 6 after tiie 
preceding irijection, preventing the plug from entering 
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the cavity when next injecting. The plug catcher is pref- 
erably formed t be in volume large enough to capture 
the plug and a part of the melt injected follouving the 
plug. 

A second concave, which is referred to as 'overflow 
groove, Is formed in the mold so as to connect t. the 
most interior of the cavity, trapping a part of the melt 
which is injected following said melt-frozen metal, the 

plug- 
Thus, the first and second concaves compose 
space outside the cavity in the mold, and when inject- 
ing, the space may be capable of accepting the earliest 
irijected melt part which is left in the nozzle. 

A product to be molded using this apparatus may 
change in solid fraction along the flow of the melt 
irijected in the mold. In the product, a lower solid fraction 
portion which is a part of the metal with low fraction 
causes the potion of the product to have higher 
strength, and a higher solid fraction portion made of a 
part which is a part of the metal with high fraction 
causes the portion to have higher molding accuracy, i,e, 
lower shrinlcage during solidification (see Rgures 5A 
and 5B). for the purpose, as said nozzle is connected to 
the cavity conresponding to a side of the cavity where 
the lower solid fraction portion which requires strength 
is molded, the early injected part of a batch of the melt 
is determined to be at a lower teinperature than the later 
irijected part following. 

Alternatively, as the nozzle of the injector is con- 
nected to the mold corresponding to a side of the cavity 
where the higher solid fraction portion which requires 
famation accuracy is molded, and that the earliest 
irijected part of a batch of the melt is determined at a 
higher temperature than the later injected part following. 

Thus. The product may have high strength in the 
low solid fraction portion and high formation accuracy in 
the high solid fraction portion according to the flow of 
the semi-molten melt during injectioa 

To this end, the flow of the melt to be injected is 
divided in several parts corresponding to required prop- 
erties for each portion for a product, and the divided 
parts of the melt are heated individually in the heating 
zones corresponding the heaters HO - H9 in the cylinder 
and controlled at the predetermined temperature each 
conresponding to the solid fractions 

This method uses a relation between a solid frac- 
tion of the semi-moHen metal (the rest being liquid frac- 
tion) and a temperature of the metal, wherein the 
temperature is determined as the solid fraction is 
defined in a fixed value. As the solid fraction in the melt 
decreases with increase in a temperature within the 
solidus and liquidus curves which are defined by the 
chemical composition of the alloy to be used. If any por- 
tion of the product requires a higher solid fraction corre- 
sponding to particular accuracy thereof, tiie 
temperature of tiie part of the melt for the portion can be 
determined to be tower, and if a lower solid fraction to 
strength, tiie temperature t b higher. In this method it 



is necessary ttiat tfie melt is heated to control the prede- 
tennined temperature of each part of ttie melt and 
injected into the mold so that tiie part of the melt forming 
tiie lower solid fraction portion, which is a portion witii 

5 strengtii needed in a product, is determined to be at 
higher temperature than the part of the melt forming the 
higher solid fraction portion, which is another portion of 
tiie product witii molding accuracy needed. 

Furttiermore, the interior of tiie cylinder is divided 

10 into a plurality of heating zones conresponding to tiie 
divided heaters 1-19 - H5 from ttie nozzle 6 toward the 
rear end of the cylinder, wherein ttie heating zones H9 - 
l-i5 are focated in front of the top of the saew when it is 
withdrawn k)ackward, and frave a screw stroke of one 

IS batch of amount of the melt. 

providing tiiat a solid fraction in a part of tiie melt in 
each zone is defined as Fl to F5 in order from on the 
rear end side up to the nozzle 6, that a volume in a part 
of the melt of each zone as V1 to V5 in the same man- 

20 ner, that further a solid fraction of a part of the injected 
melt in each portion divided in the mold is defined as f 1 , 
f6, and f2 to f 5 in order from upstream to downstream of 
tiie melt injected in tiie mold, and that a volume of each 
portion divided in the mold as v1 , v6, and v2 to v5, then 

25 each of ttie heating zones may be designed to have a 
volume according to ttie relations of VI = vi. V2 = v2. V3 
B v3, V4 s v4, and V5 = vS 4- v6. and prior to injection, 
may be controlled to determine the temperature by the 
heaters H9 to H5 so as to meet such a relations as Fl = 

30 fi. F2 = f2. F3 = f3, F4 = f4, andF5 = f5 + f6. 

In this case, for the nozzle it will be disadvanta- 
geous that the solid fraction in tiie nozzle with the heat- 
ing zone heated by the heater H9, may be higher than 
expected, because the heater H9 around the nozzle is 

35 set at lower temperature to form the plug in the opening 
of the nozzle, and furtiier ttie metal temperature inside 
tiie end of the nozzle tends to decrease below tiie pre- 
determined temperature by affect of ttie mold tempera- 
ture by contact of the nozzle to the mold irijecting. 

40 Therefor, in tills embodiment, in order to prevent the 
part of the melt in ttiis heating zone from entering the 
cavity 3, i,e, the product, a volume v6 of ttie first con- 
cave 14 mentioned above is determined to be greater 
ttian ttie volume of ttie melt-frozen metal ml left in said 

4S nozzle. Although a part of ttie melt in the heating zone 
behind the nozzle 6 is to be controlled at a temperature 
by the heater H9, it is apt to be affected by ttie low melt 
temperature at tiie end of the nozzle 6 so ttiat this part 
of ttie melt have a tendency of high solid fraction. This 

50 part of the melt may be trapped by tiie first and second 
concaves mentfoned above by holding a relation of V4 + 
V5 = v4 + v5, so that this part of melt can be removed 
from the cavity. It is preferable to select the relation of 
V4 = v4 and V5 = v5 to lower wastage of ttie material. 

55 Furttiermore, If a portion of the product to not 
require particular strength may be molded in the cavity 
on tiie side of the second concave, th part of the melt 
with higher solid fraction in the top end of the nozzle can 
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be poured into the cavity by the setting of the relation of 
V5 > v5, and this can improve yield of a product to the 
needed material. 

There is explained, below, a process of molding a 
product provided with different solid fractions in different s 
portions therein by using a method of semi- melting 
injecb'on molding as constructed above. 

The process to conduct the method of the inventbn 
includes the following steps; 

10 

(1) fastening the half-molds to set a single mold, 
and connecting the nozzle of the injector with an 
opening of the spool of the mold; 

(2) charging one batch of pellets of the magnesium 
alloy (for example, ASTM AZ91D cast alloy) as is 
material into the hopper and feeding it into the cyl- 
inder through the gas-replacing room, then can'ying 
the material inside the cylinder toward the nozzle by 
rotating the screw, and in this interval, heating any 

of parts of the material into semi-molten melt within 20 
the divided heating zones at predetermined tem- 
perature Ibr each part; 

While the material is advancing to the nozzle, 
the screw is withdrawn backward closer to the rear 
end, compulsory by using the actuator, and one 2S 
batch of the material is hold to heat between the 
nozzle and the screw, as shown In Figure 1 A. 

In this exanrple, a product to be mold Is an ori- 
fice holder 16 for a connecting component used for 
automatic transmissions for automobiles is shown so 
in Rgure 2 A. The orifice holder 16 comprises a 
head portion 17 and a threaded portion 18, and the 
head portion 17 is a portion to require strength, on 
which the fitting torque act as it is fitted tight, so that 
the threaded portion is needed to be at low solid ss 
fraction in the part of the melt. The threaded portion 
dose not need strength particularly, but is desired to 
be formed available as molded, without threading 
work and other machining to reduce manufacturing 
steps. In this view, the threaded portion should be a 40 
portion which requires molded accuracy and should 
have the higher solid fraction. In forming a mold, a 
cavity is shaped so that a gate is located so as to 
connect to the head portion of the orifice holder, a 
gate being an inlet of the melt to the cavity past a 45 
runner. 

In the case of the orifice holder a heater H7 is 
controlled to be at 600''C of tenrperature in the melt, 
and other heaters H8 and H9 are at S30°C, in the 
case of the magnesium alloy. Thus a part to be so 
early injected In one batch of the melt can be deter- 
mined at a lower tenperature than the part to be 
late injected following the first injected melt. 

In another example, as shown in Figure 4A. a 
valve tappet 19, which is a valve component of ss 
engines, can be listed. It has a thick center portion 
of the tappet which requires strength and should be 
a lower solki fraction portion, and thin outer ring 



portion whk:h requires molding accuracy and is 
needed to be a higher sofid fraction portion. In form- 
ing the mold, the gate is shaped in the mold to con- 
nect the thick portion of the tappet as shown t^y 
dctted-dash bar line in Figure 4 in forming the mold. 
Also, heating zone H7 Is det rmlned to be at the 
temperature of 600''C. and the other heating zones 
H8 and H9 at the temperature of SSO^'C. Thus, a 
part to be earliest injected in one batch of the melt 
can be determined at a lower temperature than the 
part to be later injected following the first injected 
melt 

(3) moving the screw backward away from the noz- 
zle by a predetermined stroke k^y the actuator after 
posing rotating it. The actuator can detect the 
stroke by which the screw have withdrawn, while 
the drawn stroke can measure the amount of one 
batch of the melt to require for an injectk)n; 

(4) moving the screw forth toward the nozzle by 
activating the actuator and pressurizing the melt out 
of the nozzle to the moM to be injected into the cav- 
ity through the passage, this causing the melt to be 
injected in the cavity on the skle on which the lower 
solkl fraction portion is formed, which is a portion to 
require strength In the product; 

During injection, the first concave traps a melt- 
frozen metal m1 left In the opening of the nozzle 
after the preceding injection and also a part of the 
melt corresponding to a volume V5 inside the cylin- 
der. The rest of the melt in the same volume 5 is 
trapped in the other second concave past the cavity. 

Thereafter, the part of the melt corresponding 
to the volume V4 in the cylinder streams into the 
portion v4 of the cavity 3, the volume V3 into the 
portion v3 of the cavity 3, the volume V2 into the 
portion v2 of the cavity, and the volume 1 into the 
space v1 composed to the rest of the cavity, gate 
11 , runner 12 and spool 13 in series. 

This method is to exclude the supercooled melt 
into the two concaves out of the cavity and dose not 
form the higher solid fraction in the cavity tfian 
expected solid fraction, so that it can ensures the 
resulting product to have required properties such 
as strength. 

Reversely, the heating zone by the heater H7 
may be set to be at lower temperature than the 
zone by the heaters H8 and H9. In this case, a part 
to be earliest injected in one batch of the melt can 
be determined at a higher temperature than the 
part to be later injected following the first injected 
melt. 

(5) cooling and solkiifying the melt poured in the 
cavity by the cooled mold (at a temperature about 
200''C) to obtaine a product. 

(6) separating the injector from the mokl, opening 
the halves of the mold and then taking out the 
mokJed product; 
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The prcxluct obtained in this manner euch ae a ori- 
fice holder 16 or a valve tappet 19, is divided in the 
lower solid fraction (threaded portion 1 8 or thin ring por- 
tion 21 ) to require strength, and the higher solid fraction 
portion (head portion 17 r thick portion 20) to require 
niolding accuracy. 

The lower solid fraction to require strength has 
about 2% of solid fraction and the microscopical photo- 
graph of the metal structure of this portion is shown in 
Figure 3A. On the other hand, the higher solid fraction to 
require accuracy has about 10% of solid fraction and 
the microscopical photograph of the metal structure in 
Figure 36. Those figures shows that magnesium coarse 
grains (in white in the figures) are in the matrix of the 
magnesium alloy, and that the higher solid fraction por- 
tion (Figure 3A ) has more magnesium grains than the 
lower solid fraction portion (Rgure SB). 

The method of the invention can provide the prod- 
uct having the opposite properties of both strength and 
molding accuracy effectively and simply by injecting the 
melt with different solid fractions in a semi-molten state 
on the desired sides of the cavity according to required 
propertiea 

This method uses chips of solid metal material 
which cut of solid material deformed of an magnesium 
alloy added with strontium previously, tiie deformation 
or working of the materials causes the grain size of the 
solid phase to be fined in the melt and the adding of 
strontium in tiie alloy causes the crystal grains of the 
matrix to be further fined. 

As the product is a orifice holder 16. preferably a 
rear surface of the head portion 1 7 and a surface of tiie 
threaded portion 18 are subjected to shot blasting, 
being roughened so as to increase friction coefficient on 
the surface, which prevent from relaxation of the thread 
porion 18 and reduce residual inner stress of tiie por- 
tion. In the same manner, tiie effect also is duplicated by 
shot-blasting a packing 23 so as to coarsen the surface 
of the packing, as shown in Figure 2A. which is used to 
insert between tiie head prtion 17 of ttie orifice holder 
16 and a mission case 22. Furthermore, it Is preferable 
to modify the material of tiie packing 23 to almost pure 
aluminum or other temper metals so as to increase fric- 
tion efficiency of the packing in tight fit 

Also, it is preferable to modify tie material of tiie 
packing to have tiie same ttiermal expansion coeffident 
as the magnesium or the like, so as to prevent creep 
deformation due to thermal sfress in using a high tem- 
perature. 

Claims 

1. A method for injection molding a semi-molten melt 
of metal to a product in which a batch of semi-mol- 
ten melt of metal is prepared in a Irijector and 
injected into a cavity of a mold by the Injector to 
mold a product, the cavity being divided in a lower 
soIkI fraction portion to require strength and a 



higher solid fraction portion to require mokling 
accuracy along a flow of the melt inside tiie cavity, 
wherein parts of tiie melt to be injected are deter- 
mined to be at different temperatures in tiie injector 

5 to compose said lower smd higher solid fraction por- 
tions f the melt, and the melt is injected int tiie 
cavity on any one of sides close to said lower and 
sakf higher solid fraction portions to fill the lower 
solid fraction porion of tiie cavity witti the higher 

10 temperature part of the melt and to fill tiie higher 
solid fraction porion of tiie cavity with the lower tem- 
perature part of the melt. 

2. A method according to Claim 1 , wherein a part of 
IS the melt to be early injected is determined to be at 

a lower temperature in the injector tiian a part to be 
late injected in the meK parts to compose said lower 
and higher soiki fraction portions respectively in tiie 
cavity by injecting a batch of tiie melt and the melt 
20 is injected into the cavity on a side on which said 
lower solid fraction portion for the strengtii of the 
product is formed. 

3. A method according to Claim 1, wherein a part of 
25 tiie melt to be early injected is determined to be at 

a higher temperature in the injector than a part to 
be late injected in the melt parts to compose sM 
lower and higher solid fraction portkxis respectively 
in the cavity by injecting a baXch of the melt and the 
30 melt is injected into the cavity on a side on which 
said higher solid fraction portion for formation accu- 
racy of tiie product is formed. 

4. A metiiod according to any one of Claims 1 to 3, 
35 wherein as the melt injected, tiie part of the melt 

kept in tiie opening of the nozzle is captured into 
space in the mold beside tiie cavity. 

5. A method according to any of Claims 1 to 4, 
40 wherein tiie melt is in semi-melting state melted of 

chips cut of solid deformed material of an magne- 
sium alloy containing strontium. 

6. An apparatus for injection molding a semi-molten 
4S melt of metal to a product, in which a semi-molten 

melt of metal is injected into a cavity of the mold 
tiirough a nozzle of a injector to moM the product, 
the cavity being divided in a lower solkJ fraction por- 
tion which is a portion to require sfrength and a 

so higher solid fraction portion which is a portion to 
require mokling accuracy along flow of the melt 
inside tiie cavity, wherein said nozzle is connected 
to the cavity on any one of sides on which the lower 
and higher solid fraction portions are to be molded. 

55 and melt parts to be early injected and to be late 
Injected are determined to be at different tempera- 
tures by heaters around the cylinder so that the 
higher temperature and lower temperature parts of 
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the melt are filed with the lower and higher solid 
potions of the cavity respectively by injecting. 

7. An apparatus according to Claim 6, wherein said 
nozzle is connected to the cavity on a side on which s 
the lower solid fraction portion which requires 
strength is to be molded, and of a batch of the melt 

a part to be early injected is determined to be at a 
lower temperature than a part to be late injected . 

10 

8. An apparatus according to daim 6. wherein said 
nozzle is connected to the cavity on a side on which 
the higher solid fraction portion which requires 
molding accuracy is to be molded, and of a batch of 
the melt a part to be early injected is determined at is 
a higher temperature than a part to be late injected. 

9. An apparatus according to any one of Claims 6 to 8, 
wherein space is formed beside the cavity in the 
mold to capture a part of the melt kept in the open- 20 
ing of the nozzle of the injector when the melt is 
injected. 

10. An apparatus according to Claim 9, wherein the 
space comprises; 2s 

a first concave being shaped in a passage 
between the cavity and the nozzle to trap the 
melt-frozen metal which the melt to have left in 
a opening of the nozzle after the preceding 30 
injection is cooled and to present the metal 
from entering the cavity: and. 
a second concave being connected to the most 
interior of the cavity to trap a part of the melt in 
the nozzle following said melt-frozen metal in 35 
the opening of the nozzle. 

11. An apparatus according to any one of Claims 6 to 
10. wherein heaters are provided around the cylin- 
der of the injector to control the different tempera- 40 
tures of the melt inside the cylinder so that a part of 
the melt to form the lower solid fraction portion 
which requires molding accuracy is at a higher tem- 
perature than a part of the melt to fbnm the higher 
solid fraction portion which requires strength. 4S 

1 2. A product molded by a method of injection molding 
semi-molten melt through a nozzle of an injector 
into a mold, wherein solid fracta'ons in the product 
differ along flow of the melt to tse Irijected. so 

13. A product according to Claim 12, wherein a lower 
solid fraction portion is a potion to require strength 
of the product compared with a higher solid fraction 
portion, and the higher solid fraction portion is a 55 
potion to require nfx>lding accuracy of the product 
compared with the tower solid fraction portion. 



14. A product according to Claim 12 or 13, wherein the 
product is a thr aded component comprising a 
head portion and a threaded portion, and a rear 
side of the head portion and th outside of the 
threaded portion are roughened on their surfaces 
tiy shot blasting. 
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